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Quanfum Communications in Space

= Exchange of quanta between an orbiting terminal
and a ground station

® The quanta are best chosen by taking photons

= Coding of information as qubits using one or more
photon degree of freedom:

L)

m Polarization modes

R)

® Angular momentum modes

ey m Temporal modes
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Explorable Scales
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Beyond our Solar System: Tests of
Quantum Gravity?
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Quanfum Communications in Space

m Exchange of qubits between Alice
and Bob to create a correlation that
can be exploited for generating a
random cryptographic key.

m Demonstration of protocols such as
quantum-key-distribution (QKD) and
quantum teleportation along satellite-
to-ground or intersatellite links.
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Single Photon exchange:
from LEO fo MEO

Demonstration of the detection of photon from the
safellite which, according to the radar equation, is

emiffing a single photon per pulse.
Status as of 2014, LEO orbits — 156 dB losses.

This work: moving to MEO sats.
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SLR apparatus

H

100 MHz photon emission rate from sat

Single photon det.

{

{100 MHz Lasen

\/

SLR Pulse

v 100 MHz, 100 mW laser @532 nm is
generated at MLRO and pointed toward
the satellite.

The high loss in the uplink reduce the intensity
fo Yso/ 11T photon per pulse. The single
photon signal is retroreflected toward the
ground station, where it is detected.

v' PMT single photon detectors, 22 mm dia. ,
~50 Hz dark counts, 10% efficiency

v A beam splitter merges the 100 MHz laser
with the stronger 10 Hz Satellite Laser
Ranging (SLR) pulses.

The SLR signal is used for pointing and as a
synchronization reference.



Synchronization of photon
detection with MLRO

100 ms: SLR detection

A
[ \
Photon expected fime of arrival (T, has been
derived dividing the inferval between two
consecutive SLR detection

\_'_l
10 ns: single photon expectation
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/000 km with LAGEOS

Single photon exchange for
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Lageos 2015
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The femporal modes of light

m A fwo-modes state is created with an unbalanced Mach-Zehnder
Interferometer (MZI)

m The satellite reflections induces a phase modulation, measured
using the same interferometer used for the generation.
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4-f optical relay in the M.l

Pupil imaging for the interference
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Kinemartic Phase modulation
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The phase reconstfruction

Special Relativity transformations to the CCR reference
system and back, depending on ) = v, (1)/c.

P. probability of defecting the photon in the central
peak
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Evidence of the interference
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Visibility vs. ¢(t)
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I[stanfaneous velocity effect

® The qubit modulation is
depending on the
instantaneous satellite
velocity.

At =3 ns




Conclusions

® SLR pulse reference is

T 5,}?96052 S continuing demonstrafing a
s Wy - 7 very valuable framework for
W= | m— - realizihg demonstration in
O Space QC also fromn MEO sats.
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QComms: not limits but horizons
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